Acquired factor XIII (FXIII) deficiency due to autoantibody against FXIII is a very rare severe hemorrhagic diathesis. Antibodies directed against the A subunit of FXIII, which interfere with different functions of FXIII, have been described. Here, for the first time, we report an autoantibody against the B subunit of FXIII (FXIII-B) that caused lifethreatening bleeding in a patient with sys-temic lupus erythematosus. FXIII activity, FXIII-A 2 B 2 complex, and individual FXIII subunits were undetectable in the plasma, whereas platelet FXIII activity and antigen were normal. Neither FXIII activation nor its activity was inhibited by the antibody, which bound to structural epitope(s) on both free and complexed FXIII-B. The autoantibody highly accelerated the elimination of FXIII from the circulation. FXIII supplementation combined with immunosuppressive therapy, plasmapheresis, immunoglobulin, and anti-CD20 treatment resulted in the patient's recovery. FXIII levels returned to around 20% at discharge and after gradual increase the levels stabilized above 50%. (Blood. 2009; 113:723-725)
Introduction
Blood coagulation factor XIII (FXIII) is a protransglutaminase of tetrameric structure (FXIII-A 2 B 2 ). 1, 2 Its potentially active A subunit (FXIII-A) is synthesized in cells of bone marrow origin; it is also present in platelets and monocytes/macrophages in dimeric form (FXIII-A 2 ). The noncatalytic B subunit (FXIII-B) is in excess and it is essential for the stabilization of FXIII-A 2 in plasmatic conditions. FXIII is converted into an active transglutaminase (FXIIIa) by limited proteolysis of FXIII-A and by Ca 2ϩ -induced dissociation of FXIII-B. Cross-linking of fibrin ␣and ␥-chains and ␣ 2 -plasmin inhibitor to fibrin by FXIIIa stabilizes fibrin and protects it from prompt elimination by plasmin. 3 Inherited FXIII-A deficiency is a severe bleeding diathesis with the high risk of intracranial bleeding in nonsupplemented patients. 4 Only 5 cases of inherited FXIII-B deficiency with mild-to-moderate bleeding tendency have been reported. [5] [6] [7] [8] In the absence of FXIII-B, plasma FXIII activity and FXIII-A concentration were considerably decreased, whereas in platelets a normal amount of FXIII-A was measured. 9 Thirty-six cases of severe FXIII deficiency due to an autoantibody against FXIII-A have been reported. In a few cases, the autoantibody was characterized and classified into subgroups according to its inhibition of FXIII activation, FXIIIa activity, or binding to fibrin. [10] [11] [12] [13] [14] [15] In about one third of the cases the autoantibody was associated with systemic lupus erythematosus (SLE). No report on an autoantibody directed against FXIII-B has been published so far.
Methods
A 28-year-old woman suffering from SLE with end-stage kidney disease was on hemodialysis. For preparation of cubital fistula she was admitted to a county hospital. In the proximity of the surgical wound, hematomas developed that were explored. The wounds showed no tendency of healing and remained open. A few days later extensive intramuscular hematoma appeared on the right thigh, then also on the left. There was no personal or family history of bleeding tendency and the usual screening tests for hemorrhagic diathesis were negative. The patient became increasingly anemic (hemoglobin Ͻ 50 g/L) and was transferred to our University Clinic. The study protocol was approved by the Ethics Committee of the University of Debrecen. Informed consent was obtained from the patient in accordance with the Declaration of Helsinki.
FXIII activity of plasma and platelet lysate was determined by UV kinetic method 16 using REA-chrom FXIII assay kit (Reanal-ker, Budapest, Hungary). For activity measurement, washed platelet suspension was solubilized in 1% Triton X-100. FXIII-A 2 B 2 complex antigen in plasma 17 and FXIII-A antigen in plasma and platelets 18 were measured by sandwich enzyme-linked immunosorbent assay (ELISA) (R-ELISA FXIII and R-ELISA FXIII-A; Reanal-ker). In platelets FXIII-A was also detected by Western blotting. Plasma FXIII-B antigen was determined by a sandwich ELISA using 2 monoclonal antibodies against different FXIII-B epitopes. The biotinylated 19 capture antibody, diluted plasma, and the peroxidaselabeled detection antibody were mixed and incubated for 1 hour in streptavidin-coated microtiter plate. After extensive washing the peroxidase activity was determined.
To detect if a neutralizing inhibitor was present, the following experiments were carried out: (1) The patient plasma was incubated with equal volume of normal plasma at 37°C for 1 hour, and FXIII activity was measured. (2) The patient's plasma supplemented with various concentrations of purified plasma FXIII 20 was incubated for 1 hour at 37°C and the recovery of added FXIII activity was determined. (3) Nonactivated or thrombin (20 U/mL) plus CaCl 2 (10 mM)-activated plasma FXIII (21 g/ mL) was incubated for 1 hour at 37°C with 10 mg/mL patient's or normal IgG prepared on HiTrap Protein G HP affinity column (Amersham, Uppsala, Sweden); then FXIII activity was measured. For personal use only. on September 7, 2017. by guest www.bloodjournal.org From
The binding of patient's IgG to purified FXIII-A 2 B 2 , 20 FXIII-A 2 , 21 and FXIII-B 22 was investigated by ELISA and Western blotting. For ELISA, 10 g/mL FXIII or a FXIII subunit was coated to a microtiter plate. After blocking, coated antigens were incubated for 2 hours with various concentrations of biotinylated IgG prepared from the patient's or normal plasma. The reaction was developed by avidin-biotinylated peroxidase complex (Vector, Burlingame, CA). For Western blotting, FXIII-A 2 or FXIII-B was subjected to SDS polyacrylamide gel electrophoresis (PAGE) in reducing and nonreducing conditions. The electroblot was incubated with the patient's IgG (0.1 mg/mL). The immune reaction was developed by biotinylated goat anti-human IgG and avidin-biotinylated peroxidase complex.
Results and discussion
The concentration of coagulation factors of intrinsic and extrinsic pathway, ␣ 2 -plasmin inhibitor, von Willebrand factor antigen, and ristocetin cofactor were in the reference interval. Plasma FXIII activity and plasma concentration of complex FXIII-A 2 B 2 and FXIII subunit antigens were below the limit of detection, whereas FXIII activity and FXIII-A antigen in platelets were normal ( Figure 1A,B ). This finding unequivocally indicated severe FXIII deficiency, however the pattern of different FXIII parameters was unique. Normal FXIII activity and antigen in platelets can also be detected in inherited FXIII-B deficiency or when an autoantibody against FXIII-A is present. As opposed to our case, in FXIII-B deficiency FXIII activity and FXIII-A antigen are considerably decreased, but well detectable in the plasma. In the case of anti-FXIII-A autoantibody FXIII-B antigen in the plasma is approximately 50%. We excluded the presence of an autoantibody that would interfere with the activation of FXIII or the activity of FXIIIa in a series of experiments. A 1:1 mixture of patient's and normal plasma showed FXIII activities in the range of 40% to 60% in repeated experiments. When the patient's plasma was supplemented with an increasing amount of purified plasma FXIII, full recovery of added FXIII activity was demonstrated ( Figure 1C ). Finally, the patient's IgG in plasma concentration did not inhibit FXIII activation or FXIIIa activity to any significant extent.
The half-life of therapeutically administered FXIII in the circulation of FXIII-deficient patients is 9 to 12 days. [23] [24] [25] In our case, the half-life of FXIII was 17 hours ( Figure 1D ). As we got delayed access to FXIII concentrate (Fibrogammin-P; Dade-Behring, Marburg, Germany), it was first administered on day 8 (ie, when aggressive immunosuppressive therapy was well under way). Thus, the half-life of FXIII at admittance might have been even shorter. The results indicated the presence of nonneutralizing inhibitor, which bound to FXIII and highly accelerated its elimination. Figure 2A demonstrates that the autoantibody bound to both FXIII-A 2 B 2 and FXIII-B. The binding to FXIII-A 2 was minimal, and equal to the binding of normal IgG. Similarly, in Western blotting experiments under nonreducing conditions the antibody bound to FXIII-B, but not to FXIII-A ( Figure 2B ). The binding was lost in reducing condition. FXIII-B consists of 10 Sushi domains, each hold together by 2 disulfide bonds. 1, 2 As in reducing conditions, disulfide bonds are broken and the 3-dimensional structure of FXIII-B becomes compromised; the result indicates that the antibody is directed against structural epitope(s).
The therapeutic regimen included steroid, cyclophosphamide, cyclosporin, plasmapheresis, IgG preparation, anti-CD20, recombinant FVIIa, fresh frozen plasma, and red blood cell transfusion. The patient received 2 more doses of Fibrogammin-P. After day 23, the FXIII level started to rise and stabilized around 20%. She was discharged on day 35 with a hemoglobin value of 98 g/L and with healed cubital wound. Two years later she underwent renal transplantation. Since discharge, she has been exempt of bleeding symptoms with FXIII level between 50% and 83%.
